In urban areas, the most frequently operated type of vehicles are the on-road vehicles such as passenger vehicles and city buses. In many agglomerations (Berlin, Munich) zones have been introduced where only exhaust emissioncompliant vehicles are permitted. If they fail to meet the set standards for a given zone an appropriate charge is incurred. We should remember, however, that in city centers non-road vehicles are also used for specific work such as the maintenance of green areas. Unfortunately, these types of vehicles are fitted with engines that are technologically obsolete in comparison to modern on-road vehicles. Hence, the exhaust emissions from the non-road vehicles are far greater as compared to regular vehicles, which is confirmed by much more liberal emission standards for this group. This paper discusses this issue in detail and presents the results of the exhaust emission tests carried out under actual operating conditions (maintenance of green areas). In order to better depict the situation the results were compared with the exhaust emissions of passenger vehicles also obtained under actual traffic conditions.
Introduction
The protection of natural environment against negative impact of transport requires complex solutions. In combustion engines these solutions should include the optimization of the combustion process, the application of after treatment systems (DPF, SCR), the use of proper fuels (fuel of low sulfur content). Non-road vehicles are fitted with diesel engines mainly. This results from the advantageous operating parameters of these engines and relatively low fuel consumption. An important thing however is the impact of diesel engines on the natural environment. According to research published in [1] [2] [3] [4] [5] the exhaust gas from diesel engines is very harmful to human health. The results of research conducted by IARC (International Agency for Research on Cancer), a member of WHO (World Health Organization), in the report published in June 2012 qualified diesel exhaust gases to a group of carcinogenic factors. It is noteworthy that the exhaust emission limits for non-road vehicles for many years have been very liberal as opposed to the on-road vehicles. An important issue is the fact that non-road vehicles are beyond any control in terms of exhaust emissions. Current legal regulations do not provide for the obligation of non-road vehicles exhaust emission testing, hence they may pose a serious threat to the natural environment and human health. This problem is of particular significance in the urban areas where smog threat exists and the number of non-road vehicles is getting higher. These vehicles are used for the maintenance of green areas, street cleaning, let alone construction works (construction machinery). The aim of this paper is to draw attention to the exhaust emissions of non-road vehicles in urban areas.
Testing methods and equipment
In order to assess the exhaust emissions from non-road vehicles tests were carried out on a farm tractor and a passenger vehicle and a comparative analysis of the results was performed. The tests were performed under actual operating conditions of these vehicles in real traffic. The farm tractor transported a load of the weight of approximately 4000 kg, which is not a particularly heavy load for this type of machine. Green area maintenance works are associated with carriage of rather moderate loads, hence the choice of this weight. The basic technical specifications of vehicles used in research and its engine have been shown in table 1 and the view of the machine and the testing equipment in figure 1. The view of tractor and car with the exhaust emissions measuring equipment fitted during the test.
In order to measure the concentrations of the exhaust emission components a portable exhaust emissions analyzer SEMTECH DS by SENSORS was used ( A diagram of a portable analyzer SEMTECH DS; exhaust gas flow channels (arrow) and electrical connections circled (blue line). o C and the measurement of the concentration of NO x (Nitric Oxides, NDUV analyzer), CO, CO 2 (Carbon Monoxide, Carbon Dioxide, NDIR analyzer) and O 2 follows in the listed order. It is possible to add data sent directly from the vehicle diagnostic system to the central unit of the analyzer and use the GPS signal (Global Positioning System). The GPS signal is mainly used in the tests of on-road vehicles. In investigations similar to the ones presented here when the vehicle operates in a limited area, on-road emissions are not measured and GPS is of secondary importance. The test did not only comprise the measurements of the emissions but also, for the purpose of comparison, signals from the on-board diagnostic system (engine speed, load, vehicle speed, temperature of intake air). Some of these signals served to specify time density maps presenting the share of the operating time of the vehicles in the actual operation conditions [6] [7] [8] .
For the measurement of PM (Particulate Matter) SEMTECH-LAM (Laser Aerosol Monitor) was used. SEMTECH-LAM operates through laser light scattering and measures the concentration of fine particulate matter in the exhaust gases in real time. With two selectable ranges and variable dilution ratios, the analyzer is compatible with a variety of different engine types, vehicles and test conditions. It could be used as test stand equipment or for onroad testing. The dual sample port enables testing of filter efficiency, for engines fitted with a diesel particulate filter. The SEMTECH-LAM uses three mass flow controllers that are automatically adjusted to maintain the desired dilution ratio. A pump pulls the diluted sample through the monitor. The monitor contains a laser light scattering analyzer that measures fine particulates from 100 nm to 10 000 nm. The specifications of SEMTECH-LAM have been shown in table 3. Table 3 :
The specifications of SMTECH-LAM. on-board diagnostic systems the data related to the engine operating parameters were particularly important (engine speed and engine load). Equally important data were the speed and location of the vehicle pulled from the GPS system. Based on the above information the on-road emissions of CO 2 , CO, NO x , HC and PM were determined for both vehicles. In all cases, the on-road emission values for the passenger vehicle were lower than those of a farm tractor (Fig. 3) . The greatest differences were recorded for the on-road emission of CO and NO x (for the passenger vehicle they were lower by 90 and 97% respectively). The passenger vehicle also had better gas mileage, which was confirmed by a lower on-road emission of CO 2 . This is important information because the farm tractor carried a load of low weight and the engine did not operate under heavy load. It is noteworthy that non-road vehicles operate in many cities. The engines of these vehicles operate at maximum loads or loads close to maximum. Such operating conditions cause greater fuel consumption. This directly influences the increase in the exhaust emissions. The lack of advanced after treatment systems in farm and construction machines makes the exhaust emissions from these vehicles much higher than it is in the case of on-road vehicles. A good example is the lack of diesel particulate filter in the test farm tractor, which resulted in an increase in the PM emission by 10 times. The values of the on-road exhaust emissions of CO 2 , CO, NO x , HC and PM for the tested vehicles.
Many non-road vehicles used in the city are stationary during operation. A good example may be vehicles for maintenance of green areas, vehicles for cleaning purposes or construction machines. In order to show the size of the emission threat from this type of vehicles in figure 4 the authors have shown a comparison of the emission generated in the period of one hour by the tested vehicles. The farm tractor had a higher average hourly emission of CO 2 , CO, NO x , HC and PM -similar to that obtained during on-road tests. A conclusion can be drawn that within one hour the tractor generated a mass of exhaust emissions equal to the mass generated by tens of vehicles and in the case of PM The values of the hourly exhaust emissions of CO 2 , CO, NO x , HC and PM for the tested vehicles.
this is an equivalent of more than a hundred vehicles. This value grows even further for heavily loaded engines e.g. machinery operating on construction sites.
Conclusions
The conducted tests have confirmed the scale and complexity of the problem of exhaust emissions from non-road vehicles that very often operate in cities. It is very often that a large number of these vehicles are concentrated in a small area. This is a serious problem because non-road vehicles used in the cities are most often operated for several hours per day and they generate a high level of exhaust emissions. Locally, this may result in an increased photochemical smog. One of the possible solutions to this problem is stricter supervision over non-road vehicles used in city areas. Among the solutions we could consider admitting vehicles for operation only if they meet very stringent emission limits (stage IV, Tier 4) or an introduction of machinery modernization schemes based on retrofitting of after treatment systems).
